Abstract: Few researchers have examined the effects of multiple risk factors of cardiovascular disease (CVD) mortality simultaneously. This study was to determine the associations of combined lifestyle and other factors with CVD mortality among the elderly (n = 3,257), in Beijing, China, through data mining of the Beijing Longitudinal Study of
Introduction
Cardiovascular disease (CVD) is an important worldwide public-health challenge because of its high prevalence and mortality [1] [2] [3] . It accounted for 30% of all global deaths in 2011, according to the World Health Organization [4, 5] and CVD has also become the top cause of diseases and deaths among the Chinese [6] . As the greater likelihood of early death and huge disability-adjusted life-years caused by CVD, the discussion of the risk factors for CVD would allow public-health policy-makers to assign effective priority and resources to its management and prevention [7] .
The increasing prevalence of CVD results from the aging population, and Beijing has already entered the aged society status in 1990 [8, 9] . Many epidemiologic studies have examined the association of individual lifestyle practices, such as smoking, physical activities, etc. [10, 11] , but few studies have addressed the effects of simultaneous multiple risks factors as well as considering the competing risk events.
Survival techniques are well developed and implemented in major statistical software to the time-to-event analysis. Yet, there are some situations where it may not be appropriate to apply the usual survival methods. Such as analysis of the data when competing risk are present requires specific methods, the Kaplan-Meier method has been shown to overestimate the probability of death in comparison with the more specific competing risk model [12, 13] . Individuals are generally observed from the study entry until the occurrence of the event of interest, a competing risk event, or censoring [14] [15] [16] . In general, a competing risks situation arises when an individual can experience more than one type of event and the occurrence of one type of event hinders the occurrence of other types of events. [17, 18] . The aims of the present study were to determine the major predictors of CVD mortality by a comprehensive model, while incorporating the competing events of the alternate outcomes into the analysis.
Methods

Study Design and Population
Data were derived from the BLSA, a community-based prospective cohort study hosted by Xuan Wu Hospital in Beijing, which began in August 1992. A random sample of 3,257 community dwellers aged 55 years or above was recruited from three districts: Xuanwu (urban), Daxing (suburban), Huairou (rural). All participants completed a questionnaire regarding lifestyle and health behaviors, ets., and 2,101 subjects who had undergone routine blood biochemical examination at baseline were selected from the 3,257 participants. Because of missing data, 2,010 subjects were finally included in the analysis.
Assessment of Risk Factors
The study was mainly focused on lifestyle, physical condition and dietary habits. Several conditions (high blood pressure, high blood glucose, and blood fat) which could be consequences of an unhealthy lifestyle or dietary habits were also included. Activities of Daily Living (ADL) scale and Center for Epidemiological Studies Depression (CES-D) scale were detailed measured. All risk factors were assessed by self-reporting on the questionnaires with a high degree of reliability and accuracy. The follow-up studies were conducted every two or three years. Baseline values were used in this analysis to minimize the potential of clinical or subclinical diseases affecting the risk factor status.
Age was divided into several groups according to the initial age. Height, BMI (Body Mass Index) [19] , blood pressure (BP), smoking status, drinking status, and the frequency of physical activities were measured and assessed at the beginning of the study. Blood samples were collected after an overnight fasting of at least 12 h. Glucose, high density lipoprotein (HDL), and triglycerides (TG) were subsequently measured. BP was measured on the right arm of seated subjects and at rest at least 10 min by a trained nurse. Then the subjects were divided into normal or abnormal groups according to the standard of diabetes mellitus [20] and dyslipidemia [21] . Dietary factors were assessed by a food frequency questionnaire. The average consumption of fish, meat, vegetables, fruit, and quantity of salt were reported by the subjects. According to the results of Latent Class Model [22] , the subjects were divided into three groups. The first group represented sufficient nutrients, the second group comprised the intermediate-type diets, and the third group consumed meat-based diets. Generally, the intake of milk, fruits, bean products, and eggs were lower in the second and the third group. Physical limitation was assessed using the 12 items of ADL, which consists of two categories: Instrumental Activities of Daily Living (IADL) and Basic Activities of Daily living (BADL) [23] . The elderly were divided into self-care ability and self-care disability. In this study, CESD was used to assess depression symptoms. The total score was 60 and the standard cut-off value was 16 [24] .
Ascertainment of Mortality
The main outcome was death from all causes, occurring after the return of 1992 questionnaire but before 31 December 2009. Years of follow-up were accrued from the return data of the questionnaire until either of the following first occurs: death, loss to follow-up or the end of follow-up. Causes of death were grouped into four broad categories indicated by the International Classification of Disease, ninth revision (ICD-9) or ICD-10: Cardiovascular disease, cerebrovascular disease (CBVD), cancer and other diseases. The primary interested endpoint was death from CVD. Other causes of death comprised the competing risk events.
Statistical Analysis
Multiple Imputation (MI) was performed to fill in a few missing serum biochemical data. The Markov chain Monte Carlo method was chosen to avoid the loss of generality, which have considered the distribution of data. The MI procedure of SAS software package (version 9.2; SAS Institute, Chicago, IL, USA) was used [25] .
The competing risk model was extended from Cox's proportional hazards model to competing-risks data and it has considered the sub-distribution hazard [26, 27] . Contrary to a cause-specific analysis that censor competing event(s), the Fine-Gray approach "carries forward" the competing event(s) in the risk set with appropriate weighting [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] . In addition, the cumulative incidence functions (CIF) between different groups were compared, such as gender, status of self-health assessment, and so on. Univariate and multivariate analysis were used to identify the association between covariates and CVD mortality. Statistical significance was considered as a 2-sided p-value of less than 0.05. The results of univariate analysis (p value < 0.3) were the criteria for inclusion of risk factors in the final multivariate model. Basic statistical analysis was performed by SAS version 9.2. Competing risk analysis was implemented in R (version 3.0.2) [30, 31] .
Results
Basic Characteristics and the CIF of Death
A total of 2,010 participants were included in the analysis. The number of participants who were excluded and the reasons for their exclusion are shown in Figure 1 . The enrolled and the missed subjects were compared to assess enrolment bias, the differences of characteristics between these two groups were not statistical significant (p < 0.05). By the end of follow-up in 2009, there were 356 surviving subjects, 585 missing subjects, and 1,068 deaths. Among the 1,068 deaths, 273 were caused by CVD (25.54%), 246 by cerebrovascular disease (23.01%), 140 by cancer (13.10%), and 409 were caused by "other causes" (38.35%), shown in Table 1 . At the end of follow-up, considering the competing risks, the CIF of CVD death was 0.19, CBVD was 0.17, and cancer was 0.10. Additionally, the age of death was used as the abscissa to adjust the different distribution of age in different groups. The CIF of death due to CVD at age 85 was 0.20, cerebrovascular disease was 0.16, and cancer was 0.11( Figure 2 ). Table 2 shows the association of each risk factor with CVD mortality. After considering competing risks of death, the mortality rates of the elderly without spouse, disabilities assessed by IADL, and poor self-assessed health were respectively at a higher risk than those who had a spouse, able-bodied, and with a healthy self-assessment. Additionally, subjects aged above 76, with high blood pressure, consuming more meat and illiterate were also associated with higher CVD mortality risk. Overweight, living in suburban, consuming sufficient nutrient were associated with a lower CVD mortality. In the final model, after all of the adjustments, the risk of CVD mortality increased sharply with age (66 ≤ age ≤ 75: HR = 1.511, 95% CI: 1.111-2.055, age ≥ 76: HR = 1.847, 95% CI: 1.256-2.717). Subjects with hypertension were at a higher risk of CVD death (HR = 1.407, 95% CI: 1.031-1.920). And the CVD mortality of the elderly in suburban was significantly lower than that of the elderly in the rural area (HR = 0.614, 95% CI: 0.410-0.921). In addition, frequent consumption of meat was associated with increased risk of CVD mortality (HR = 1.518, 95% CI: 1.044-2.207) ( Table 2) .
Competing Risk Model
Besides, the same analysis was subsequently repeated after further stratification according to gender. Univariate analysis for male showed height was inversely related to mortality of CVD. Disability assessed by IADL, excessive drinking, without spouse, poor self-health rated, age above 76, with hypertension, illiterate and consuming more meat were positively associated with increased risk of CVD mortality. Multivariate analysis showed age, BMI and diet were associated with CVD mortality (Table 3) . Univariate analysis for female showed age and hypertension were associated with rising CVD mortality, multivariate analysis also showed consuming more meat significantly increased CVD mortality (Table 4) . Additionally, no significant interactions were demonstrated. 
Fine and Gray Test
In order to determine the tendency of CVD mortality in different age groups, Gray's test was used to compare the CIFs for the six age groups (Figure 3) . After five years from the beginning of the follow-up, the CIF of CVD mortality increased with the increasing age, and the elderly aged between 75 and 79 had the highest (p < 0.001). Gray's test was also used to compare the CIFs of other groups, including gender, marital status, self-assessed health, depression, etc. Age of death was the abscissa to adjust the effect of age distribution in different groups. Several results are listed in Figure 4 . As shown in Figure 4a , the mortality of the elderly who exercise infrequently was significantly higher than that of those who exercise frequently and regularly (p = 0.047), and that of subjects with poor self-assessed health were higher than that of those with good self-assessed health (p = 0.065) (Figure 4b ). As shown in Figure 4c , the CVD mortalities among the different places of residence were statistically significant (p = 0.012). It was the highest for the elderly living in a rural area, the CIF at aged 85 of the rural area reached 0.23, the elderly in the suburban area came second and urban inhabitants had the lowest (CIF ≤ 0.15). For dietary intake, the mortality of subjects of meat-based diets was the highest, and that of the intermediate-type diets with balanced diet was the lowest (p = 0.012) (Figure 4d ). 
Discussion
Previous studies [32] [33] [34] have focused primarily on examining the effect of a single risk factor on mortality, rather than developing a more comprehensive model that incorporates the effects of multiple risk factors. Our findings confirm those in other studies, showing strong and significant associations of gender, age, blood pressure, residence place, and diet with the risk of CVD mortality in elderly people. Advanced age, high blood pressure, rural residence, and consuming more meat were associated with higher CVD mortality. Previous researches have confirmed that clinical manifestations and prognosis of CVD are likely altered in older people, because interactions that occur between age-associated cardiovascular changes in health and specific pathophysiologic mechanisms underlie a disease [35, 36] . Our study also showed age was an independent risk factor associated with CVD morality after considering the competing risk events.
Age is by far the strongest determinant of CVD risk in the given multiple risk factors [37] , and the prevalence of hypertension rises rapidly and steadily with aging. Hypertension might even lead to the further increases of CVD morbidity and mortality [38] .
In addition, a healthier diet is associated with a lower risk of recurrent CVD events among people aged over 55 years with CVD [39] . A healthier diet indicates more frequent consumption vegetables and fruits as well as a higher consumption of fish relative to meat, poultry, and eggs [40] . In a multicenter trial in Spain, a Mediterranean diet supplemented with extra-virgin olive oil or nuts was confirmed to reduce the incidence of major cardiovascular events [41] [42] [43] . This research likewise showed more frequent intake of meat (the third group: Meat-based diets) increased the risk of death from CVD (HR = 1.578). The participants in this group consumed less of soy foods, fruits, vegetables, and fish, as well as more frequently consumed grains (≥350 grams per person per day), meat (>twice a week). Furthermore, the percentage of animal oils intake in this group was higher than in the other diet groups. According to our previous study [22] , the elderly in the sufficient nutrients group primarily lived in the urban area and they always took breakfast and less meat, had more frequent consumption of soy foods, fruits, vegetables, and fish, whereas, the elderly in meat-based diet group primarily lived in the rural area. This study showed that the CVD mortality of residents in rural areas was significantly higher than those in urban and suburban ones (p = 0.012). Besides the dietary factor, it may be also related with the health systems in rural areas are not well equipped and medical resources are sparse.
Aside from that, evidence from the Framingham heart study has confirmed that cumulative long-term physical activity has a protective effect on the incidence of CVD-attributable mortality compared with the long-term physical inactivity [44] . This was consisted with our results. The result of Gray's test showed that the cumulative CVD mortality of the elderly who exercised regularly were significantly lower than those without a long-term physical activity (p = 0.047), and a recent study in Canadians also confirms that the risk of CVD death decreases with the frequency of physical activity [45] .
Additionally, our study confirmed that taller height may contribute to deceased CVD mortality risk (Table 3) , which was consisted with a study in Chinese people in 2011 [46] . By Gray's test, poor self-assessed health was markedly associated with higher CVD mortality (p = 0.065).
At a methodological standpoint, several advantages exist in using competing risks survival analysis to analyze the composite endpoint of mortality. Unlike the Cox proportional hazards regression model, in which risk factors are constrained to have common associations with all components of the outcome and ignoring the competing risks, this competing risk model allows for several risk factors to have different associations with single causes of death [47, 48] . This study also has several limitations. Risk factors in the competing risk model were not updated year by year. The risk factor status at the beginning of the follow-up was used in order to avoid the possibility of any clinical or subclinical disease affecting the risk factor status.
Conclusions
At the end of follow-up, considering the competing risks, the CIF of CVD death was 0.19, CBVD was 0.17, and cancer was 0.10. A competing risk model was developed for a specific cause (CVD) of mortality in this study. Increasing age, raised blood pressure, living in a rural area and frequent consumption of meat was associated with higher CVD mortality of the elderly in Beijing, China. The study provided foundation of decision-making and instruction for the controlling and prevention of CVD. In the future, competing risk model could be used to identify individuals who are at higher risk of specific mortality.
